1.
Materials and methods
Synthesis
Compound 1 and 2 were synthesised according to scheme S1. Scheme S1. Synthesis steps of compound 1 and 2 Both (1) and (2) compounds were synthesised starting from the inexpensive chalcone (3) and dimethyl-1,3-acetonedicarboxylate (4) . The Michael addition and subsequent condensation of dinucleophile (4) with dielectrophile (3) gave the (5) cyclohexanone derivative. This compound was transformed one pot into the (7) tetrasubstituted iodobenzene via (6) tosylhydrazone intermediate in a
Bamford-Stevens type reaction and a following in situ oxidation with 50% yield. The polysubstituted iodo compound (7) gave the (8) biphenyl in Ullmann homocoupling reaction. The ester function was reduced (9) and brominated to give the (10) tetrabromo compound. This intermediate was subjected to ring closure with butylamine or dibutylamine to give compound (1) (neutral, used to form also the HCl salt) or (2) (HBr salt), respectively.
General Information about the organic analytical investigations
Thin layer chromatography (TLC) was performed on Merck Silica gel 60 F 254 precoated TLC plates (0,25 mm thickness ) and visualized with short-wavelength UV light (254 nm). Melting points were recorded on an automatic melting point apparatus (Jasco SRS Optimelt) and are uncorrected. NMR spectra were measured on an 500 MHz instruments at room temperature.
Chemical shifts (δ) are reported in ppm relative to residual solvent signals (for 1 H chloroform δ = 7.26 or DMSO δ = 2.50, for 13 C chloroform δ = 77.00 or DMSO δ = 39.52). Data are reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet), Coupling constants, J, are reported in hertz. High-resolution mass spectra (HRMS) were obtained using an Q-TOF Premier (Waters Corporation).
Tetrahydrofuran (THF), toluene were freshly distilled from sodium/benzophenone. All other chemicals were purchased from commercial sources and used as received.
2-oxo-4,6-diphenyl-cyclohex-3-ene-1,3-dicarboxylic acid dimethyl ester (5)
Chalcone (3) (8.32 g, 0.04 mol) was dissolved in methanol (40 mL) and dimethyl-1,3-acetonedicarboxylate (4) (6 mL, 7.24 g, 0.041 mol, 1.0 eq) was added. The reaction mixture was stirred at room temperature until the chalcone was dissolved. After that 1,1,3,3-tetramethylquanidine (TMG) (2.52 mL, 2.28 g, 0.02 mol, 0.1 eq) was added to the reaction mixture and was refluxed for 3 hours. When the reaction was completed (TLC Hex/EtOAc = 5:1) the reaction mixture was cooled to room temperature, the precipitate was filtered out, and washed with cold methanol. The product was isolated as colourless crystals (12.4 
Dimethyl 2-iodo-4,6-diphenylisophthalate (7)
2-oxo-4,6-diphenyl-cyclohex-3-ene-1,3-dicarboxylic acid dimethyl ester (5) (12.0 g, 0.032 mol, 1.0 eq) and p-toluenesulfonyl hydrazide (6.2 g, 0.0332 mol, 1.04 eq) was dissolved in acetonitrile (380 mL). To the stirred mixture 1.4 mL cc. HCl (0.016 mol, 0.5 eq) was added and it was refluxed for 4 hours. Then ptoluenesulfonyl hydrazide (0.96 g, 0.0052 mol, 0.16 eq) was added and the mixture was refluxed for additional 2 hours. It was cooled and TMG (26 mL, 23.94 g, 0.208 mol, 6.5 eq) was added at 0 °C . After 10 minutes of stirring iodine (24.36 g, 0.096 mol, 3.0 eq) was added to the reaction mixture at 0 °C followed by stirring at that temperature for 1 hour. When the reaction was completed (TLC Hex/EtOAc = 3:1) copper iodide (6.7 g, 0.0352 mol, 1.1 eq) was added and the reaction mixture was refluxed for 2 hours, then cooled to room temperature, and was stirred overnight. (Monitoring TLC CH 2 Cl 2 ) The reaction mixture was evaporated to dryness. The residue was dissolved in CH 2 Cl 2 (240 mL), the same amount of saturated NaHSO 3 was added and was stirred at room temperature for 15 minutes. The activated charcoal was added to the mixture and was filtered through Celite. The two phases were separated. The organic phase was washed with 10% aq HCl (2 × 100 mL), then sat. NH 3 (3 × 100 mL), then sat. NaCl (2 × 100 mL). The organic phase was dried over Na 2 SO 4 and was evaporated to dryness. The residue was recrystallized from methanol and the product was isolated as brown crystals (7.54 g, 0.016 mol, 50% It was cooled down to room temperature, then CH 2 Cl 2 (10 mL) was added and it was filtered through Celite pad. The CH 2 Cl 2 was distilled off the filtrate, the residue was placed into the refrigerator. The colourless crystals were filtered and were washed with cold methanol and dried to give the title compound as a white solid (3.1 g, 4.5 mmol, 60% Anhydrous THF (50 mL) was cooled to (-5)-(-10)°C and lithium-aluminiumhydride (1.39 g, 36.0 mmol, 4.1 eq) was added in small portion. Tetramethyl 3,3',5,5'-tetraphenyl-(1,1'-biphenyl)-2,6,2',6'-tetracarboxylic acid tetramethyl ester (8) (6.0 g, 8.6 mmol, 1.0 eq) was dissolved in 65 ml anhydrous THF and was added to the reaction mixture dropwise. The reaction mixture was stirred at (-5)-(-10) °C for 15 minutes, it was allowed to warm to room temperature, and it was stirred at room temperature overnight. (Monitoring TLC CH 2 Cl 2 ) After that the reaction mixture was cooled down to 0 o C, water (1.5 mL) (slowly), 10% NaOH (1.5 mL) and water again (4.5 mL) was added. The reaction mixture was stirred at room temperature for 2 hours. It was filtered through Celite pad with thin silica layer at the bottom and was washed with THF (4 × 15 mL).
The filtrate was evaporated to dryness. The product was isolated as colourless crystals (4.49 g, Figure S2 . 13 C NMR spectra of 5 at 125 MHz in CDCl 3 . Figure S4 . 13 C NMR spectra of 7 at 125 MHz in CDCl 3 . Figure S8 . 13 C NMR spectra of 9 at 125 MHz in DMSO. Figure S10 . 13 C NMR spectra of 10 at 125 MHz in CDCl 3 . Figure S12. 13 C NMR spectra of 1 at 125 MHz in CDCl 3 . 
Growth of the single crystals
The neutral form of compound 1 crystallizes as dimorphs. Form 1a was obtained from ethanol solution by slow evaporation of the solvent at room temperature. Form 1b was obtained from dichloromethane solution by slow evaporation of the solvent at room temperature. The chloride salt of 1 (1c) crystallized from dichloromethane solution by slow evaporation of the solvent at room temperature.
Single crystals of the bromide salt of compound 2 suitable for X-ray diffraction measurements were obtained using three different crystallization techniques. In case of 2a, 2 was recrystallized from a saturated tetrahydrofuran solution being in equilibrium with the solid powder phase of 2 in a closed ampoule. After a few days diamond shaped crystals appeared in the ampoule, the powder slowly recrystallized into 2a (Fig. S17) . When the solvent from the unsaturated tetrahydrofuran solution of 2 was slowly evaporated, a new polymorphic crystal form of 2b crystallized (Fig. S18) . Using 
Experimental writeup of single crystal structure determination
Intensity data were collected on a Rigaku RAXIS-RAPID II diffractometer (using graphite monochromator; Mo-K radiation,  = 0.71075Å) at 113 and 123K in case of crystals 1a-c, at 293 and 295K in case of crystals 2a-c, respectively. Low temperature decreased crystal quality thus available resolution because of cracking. Crystals of 2a-c were measured in their mother liquor using glass capillary at room temperature. Crystal Clear 1 (developed by Rigaku Company) and SORTAV 2 (adopted by L. Párkányi) software were used for data collection and refinement. Numerical absorption corrections 3 were applied to the data, except 1b and 1c, where empirical absorption corrections were used. The structures were solved by direct methods. Anisotropic full-matrix least-squares refinements were performed on F 2 for all nonhydrogen atoms. Hydrogen atoms bonded to C atoms were placed in calculated positions and refined in a riding-model approximation. The computer programs used for the structure solution, refinement and analysis of the structures were Shelx 4,5 , Sir2014 6 , Wingx 7 , X-Seed 8 and Platon 9 . In case of framework crystals 2a-c the channels contain disordered solvent molecules resulting in a continuous electron density which was taken into account by the Squeeze tool of program Platon 10 . In the refinement procedure of crystals 1a -1c disorder conformations were taken into account. The occupancy of terminal C26' and C26'' atoms was found to be 53 % and 47% in crystal 1a. The occupancy of terminal C26' and C26'' atoms was found to be 54 % and 46% in crystal 1b. Crystal 1c: the occupancy of the disordered terminal butyl C26A, C26B and C26C atoms are 61, 24 and 15%, its neighbouring C25A and C25B are 61 and 39%; One of the phenyl substituent (C17-C18-C19-C20-C21-C22) is disordered over two positions in 59 : 41 ratio, while the other phenyl ring (C11'-C12'-C13'-C14'-C15'-C16') in 54 : 46 ratio. In the calculation of the empty void volumes the void probe radius was set to the value of 1.2 Å in the software Platon. Program Mercury 11 and Crystal Explorer 12,13,14 were used for the graphical representation. Details of crystallographic data, data collection and refinement of crystals 1a-c and 2a-c are collected in Table S1 .
In case of 1b, we did not succeed to grow larger crystals than 0.50 x 0.05 x 0.01, the size of the crystals affected the obtained resolution of the diffraction pattern on the R-Axis rapid II diffractometer. In case of the crystals grown from 2, however the crystal size was sufficient no diffracted rays were obtained at high resolution because of the void system and the disordered tetrahydrofuran molecules in the crystal lattices. In all cases some spots were in shadow of the direct beam catcher at low angle. Table S4 . ndex ranges 
Generation of Hirshfeld Surfaces
The 
Structure analysis based on single crystal X-ray diffraction

Discussion of crystal structures of compound 1
The neutral compound 1 crystallized as dimorphs (1a P-1, and 1b in P2 1 /n) and as HCl salt (1c in P2 1 /c). The ORTEP diagrams are shown in Fig. S19 . All three structures contain disordered atoms. No framework arrangement can be developed. Comparison of the packing motifs in the different crystals of 1 is shown in Fig. 20 . The arrangement of the molecules in the crystal lattice of 1a (triclinic, P-1, Z'=1) are shown from two different crystallographic directions Fig. S21 . There is no residual solvent accessible void in the crystal. The packing coefficient (K.P.I=68.6%) is the highest among the reported structures. C ext -H… intramolecular interactions stabilize the molecular conformation in one half of the molecule, while this interaction does not exist in the other side because of the lack of additional butyl substituents. C-H… interactions stabilize the crystal structure (Table S2) .
(a) (b) Figure S21 . Arrangement of the molecules in crystal 1a (a) along the diagonal of ac axis and (b) along the axis c.
1b (monoclinic, P2 1 /n, Z'=1) is shown in Fig. S22 . The value of the packing coefficient (K.P.I.=66.4%) shows a closely packed crystal lattice, 2% free space is present in the unit cell. Molecular arrangement is presented in Fig. S22 . C ext -H… intramolecular interactions stabilize the molecular conformation in one half of the molecule, while this interaction does not exist in the other side because of the lack of additional butyl substituents. C-H… interactions stabilize the crystal structure (Table S2) . (24) Table S3 . No close C-H… interaction is present in 1c. 
Discussion of crystal structures of compound 2
Three different crystal structures have been obtained by various crystallization techniques: the dimorphs from THF (2a: orthorhombic, Fddd, Z'=1/4; 2b: orthorhombic, Pnna, Z'=1/2) and their solvatomoph from the mixture of THF and pyridine (2c: monoclinic, P2 1 /n, Z'=1;) (Fig.  S26) .
Conformational symmetry appears having two (2a) or one (2b) twofold symmetry axes of the molecule. Atoms N1, C1, C4 of 2a lie on twofold axes. Atoms N1 and N1' of 2b lie on a twofold axis. The lattice symmetry and the molecular symmetry of the rigid scaffold decrease correspondingly having ¼ (2a, Fddd), ½ (2b, Pnna) and 1 (2c, P2 1 /n) structural unit in the asymmetric unit of the polymorphs and the solvatomorphic form. The ratio of the butyl and the terminal phenyl groups is 1:1 in compound 2. C ext -H… intramolecular interactions (Figure 30 , Table S4 ) between each neighbouring butyl and terminal phenyl substituent makes the molecule inflexible. Losing the molecular symmetry the lengths of the C ext -H… interactions slightly vary.
Charge assisted hydrogen bond (C in -H…Br -) and the recently described Br -… interaction between the halide anion and the electron deficient inner phenyl group are responsible for the construction of the framework structure in all three reported crystals 2a, 2b and 2c (Figs. 30, 31 and 32; Table S4 ). Figure S30 . The C ex -H… intramolecular interactions are responsible for the rigidity of the molecule in the framework structures (C24-H24A…) in the example of the structure of 2a.
The C in -H…Br -and Br -… interactions contribute to the framework architecture (C9-H9A…Br -). Br -is disordered in 2a but ordered in 2b and 2c. The pyridine solvent molecules as neutral linkers take part in the cationic framework construction in the crystal structure of 2c. C-H… intermolecular interactions are present between the terminal phenyl groups of the knot molecule and the pyridine linker ( Fig. S27 and Table S4 ).
The tetrahydrofuran is disordered in the large channels in all framework structures. 2a has very high crystal symmetry (Fddd) and the largest volume (42 %) occupied by the disordered solvent molecules. The crystal symmetry (Pnna and P2 1 /n) and the proportion of the voids (39% and 36%) are gradually decreased in 2b and in 2c.
The packing images (Fig. S27-S28 ) demonstrate well the gradual change of symmetry in the arrangement of the molecules in the crystals. The molecules are more and more displaced and the highly symmetric arrangement is distorted. The content of the asymmetric unit increases losing one then another twofold symmetry of the molecule.
The 3D sponge like crystal structures of 2a-c are shown in Fig. S33 . The crystal lattices contain large channel and void systems. The volume of the voids per unit cell is 6864 Å 3 (42%) in 2a which is theoretically enough for 80 THF molecules (using the approximation that one non-hydrogen atom has a volume of 17.3 Å 3 ). These voids in crystal 2a were found to be filled with disordered THF molecules resulting in a continuous electron density. The Sqeeze tool of Platon 10 was used in space group P1 with 6864 Å 3 void volume in order to remove the unrefinable electron density. The removed 955 electron corresponds to 23 disorder THF molecules. The bromide ions in 2a are disordered over parallel and perpendicular passages (irrespective to the channels of the solvent molecules) (Fig. S34 ).
Partially occupied Br -ions Figure S34 . Crystal packing diagrams of 2a showing the parallel and perpendicular strings of disordered Br -ions in the crystal lattice.
In crystal 2b, compound 2 crystallizes in a highly symmetrical space group Pnna and the asymmetric unit contains half of the molecule. The void volume per unit cell is lower than in crystal 2a, 2666 Å 3 which is 39% of the unit cell. Similarly to crystal 2a the THF molecules were found in disordered positions which were then treated with the Platon Squeeze tool, and 650 electrons were removed representing 16.25 THF molecules. The channel system is shown in Fig. S33b . Selected C-H…Br distances and angles are collected in Table S4 .
2c crystallised in P2 1 /n space group and the asymmetric unit contains one molecule of 2 and two partially occupied pyridine molecules. The void volume is 2398 Å 3 (36%) or 1221 Å 3 (18%) per unit cell volume depending on the calculation without or with pyridine. The disordered THF molecules were removed by the help of the Squeeze tool of Platon. 290 electrons were removed which refer to about 7 THF molecules. According to the calculated void volume of 1221 Å 3 , there would have been place for 14 THF molecules. Void system of 2c is shown in Fig. S33c .
The crystals of 2a are loosing THF quickly in air: keeping the crystal shape and transparency the resolution of the diffraction pattern is reduced from 1.0 to 1.6 Å in three days time. 2b is more durable, stable for some days. Crystals of 2c are stable in air for a few months. The stability of the crystal increases with the decrease of the void volume.
Conformational comparison of compound 1 in crystals 1a-c
The overlay of the molecules from the structures 1a-c shows high flexibility of the side chains (Fig. S35) The highest maxD and RMSD values (Table S5 and S6) were found between 1c and 1a. Comparing the torsion angles, we can see that in one direction of the molecule, namely the line of B, A and C' torsion angles (see Fig. S36 ), the values are similar, however in the other direction, B',A, C the angles differ considerably. The difference between the conformations is even higher for the butyl side chains. The lack of the second butyl side chain on the nitrogen allow higher flexibility of compound 1 compared to the di-butyl derivative, which results in the rotation of the phenyl groups and in effect in the close packing of the crystals 1a-c. The higher molecular flexibility results in crystals where the void system is diminished or disappeared. The molecular conformations of the molecular skeletons are very similar for all of the six investigated crystal structures (Table S7 ). Figure S36 . Selected torsion angles used for the conformational comparison Table S7 . Selected torsion angle data (see Fig. S36 ) of compound 1 in crystals 1a-c and compound 2 in crystals 2a-c together with data from Maruoka catalyst 
Conformational comparison of compound 2 in crystals 2a-c
The conformation of compound 2 in crystals 2a-c is highly similar showing inflexibility. The maximum difference (maxD) and root mean square deviation (RMSD) between different structures are collected in Table S5 . The highest difference was obtained between structures 2a and 2c with the relatively small values of maxD 0.5861 and RMSD 0.2070 (Fig. S37) . The identity of conformation is even higher for the centre part of the molecules (Tables S5, S6 and S7). The similarity of the conformation is further manifested in the torsion angles (Table S8 .) however small differences could be obtained especially for the phenyl rings where the large void systems give opportunity for somewhat larger rotational freedom.
Several Maruoka-type catalysts have been synthesized so far 16, 17, 18, 19 preserving the basic structure but substituting the phenyl rings. In case of DANYIC 18 the substrate was also crystallised together with the catalyst, and found that it is positioned between two catalysts. All of the crystallized Maruoka-catalysts 16, 17, 18 have similar conformations in solid phase (Fig.  S38 and Table S8 ), which has a key role in the catalytic reaction. Comparing the Maruokacatalyst MOJGIC 16 with the structure of 2c a very good agreement can be seen for the catalytic part of the molecule (Fig. S39) . 16, 17, 18 , the methyl groups in the end of the nBu rotating. 
Intermolecular interactions investigated by Hirshfeld surface analysis
Hirshfeld surface analysis in structures of compound 1
In order to investigate the intermolecular interactions and compare them in the different polimorphic crystals Hirshfeld surface analysis was performed. Owing to the flexible n-buthyl side chains in the crystals of compound 1 several atoms were found to be disordered. In case of disordered structures the interpretation of Hirshfeld surface is more difficult. In all cases, the calculation was performed by taking into account the different conformers, resulting in the generation of the Hirshfeld surface based on the electron densities weighted by their partial occupancies. (The conformer with higher occupancy is coloured blue and the one with lower occupancy is red in the figures).
Two types of secondary interactions can be found in the two polymorphous crystals 1a and 1b, H···H contacts and C···H/H···C contacts with no considerable spikes on their 2D fingerprint plots (Fig. S40 and Fig. S41 ). Owing to the flexibility of the molecule, the phenyl rings of adjacent molecules turn in a way to maximize the attractive C-H··· interactions ( Fig.  S40e and S41e). This interaction manifested in the high ratio of C···H/H···C contacts in 1a and 1b. Short H···H contacts are measured between a phenyl hydrogen and a buthyl side chain hydrogen atom in 1a and between two buthyl side chain hydrogens in 1b (Fig. S40d and  S41d) . The more motional freedom was observed in crystal 1c, two phenyl rings are disordered in two positions, and one n-buthyl side chain in three different positions. (In the Hirshfeld surface calculation the two major conformers were considered.) The 2D fingerprint maps and close intermolecular connections in 1c are shown in Fig. S42 . The two chloride counter ions are connected to the protonated nitrogen atoms through hydrogen bonds with short distances (Fig. S42e) . The two sharp spikes on the 2D fingerprint plots in Fig. S42c are originated from the very close distance (1.584 Å) calculated between the phenyl ring and butyl chain hydrogens of adjacent molecules (Fig. S42f) , however we have to take into account that these groups have two possible orientations and this value comes from the distance when conformer blue and conformer red are chosen. More realistic H···H distances (2.341 Å and 3.252 Å) could be found when the phenyl ring and butyl hydrogens of the same conformers were chosen. In crystal 1c the H···Cl contacts ensure an attractive interaction and the C···H/H···C contacts have lower contributions (18.8%) to the overall interaction map than those in crystals 1a and 1b. 
Hirshfeld surface analysis for crystals of compound 2
Because of the extensive void system in crystals 2a-c containing disordered solvent molecules, only the skeleton of the crystal lattice could be compared, while the contacts between the disordered THF solvents and the host molecules could not be taken into account.
In crystal 2a, where the amount of void per unit cell was very high, the extension of the Hirshfeld surface can be seen in those directions where the crystal contained voids (Fig. S43) . Only a few close contacts appear on the surfaces. The 2D fingerprint plots have been calculated to investigate the contributions of different secondary interactions that are responsible for the different crystal packings observed in the three crystals (Fig. S43) . The major interactions are hydrogen-hydrogen contacts (>70 %) between the molecules, in all three cases. The lattices are mainly stabilized by C  -H···Br and C-H··· contacts. In crystal 2a the 2D plot (Fig. S43) shows that most interaction between molecules are far interactions (most of the contacts are longer than 3Å). The disordered Br -ions are placed in a valley generated by the inclined side chains, however closer distances (red spots) can be seen near the C  -H atoms, close to the positively charged quaternary ammonium ion (Fig. 43e ). There is a short H···H contact between two phenyl ring hydrogens (C-H13…H13) with a (nonnormalized) distance of 2.121 Å (Fig. S43c and f) . The C-H··· contacts give only minor contribution to the overall stabilizing interactions (Fig. S43d) . In crystal 2b the two bromide ions are located close to the quaternary ammonium ion (Fig.  S44a) , and more tight arrangement of the molecules accomplished. The results of Hirshfeld surface analysis in case of crystal 2b is depicted in Fig. S44 , where the fingerprint plots and the closest H···Br, H···H and C···H contacts are shown. In this crystal the overall contribution of H···Br contacts are found to be somewhat lower (15%) than in 2a (16.7%), and the two bromide ions are connected to the C  -H hydrogen atoms. The H···H contacts are much more diffuse in the 2D fingerprint plots (Fig. S44c) showing that many H···H contacts appear with similar distances. The closest H···H distance could be measured between a phenyl ring hydrogen and a butyl hydrogen of adjacent molecule in a distance of 2.315 Å (Fig. S44f) . The neighbouring molecules turn with their phenyl ring perpendicular to each other which gives possibility to C-H··· contact interactions. The closest hydrogen -ring centroid distance of 3.157 Å could be measured (Fig. S44g) . The 2D fingerprint maps and corresponding surfaces of compound 2c is depicted in Fig. S45 . In crystal 2c the bromide positions and distances from C  -H atoms are similar to 2b, however the contribution of H···Br contact to the total interactions is significantly less (9.2 %) comparing with 15% in crystal 2b. This is due to the fact that pyridine molecules also stabilize the crystal structure increasing the ratio of C-H··· interactions, which constitute 13.9% of the overall interactions (Fig. S45d) . The closest H…H distance (2.316 Å) could be measured between two adjacent butyl side chain. The higher amount of C···H interactions is in connection with the increased C-H··· interactions generated between pyridine ring hydrogens and phenyl rings and vice versa (Fig.  S45g) . Figure S46 summarizes the contribution of all the non-covalent interactions to the crystal stability in each investigated compound. We can conclude that the ratio of the halogenhydrogen interaction is higher in 2a and 2b than in 2c. The C···H (C-H···) contact is more pronounced in crystal 2c, when pyridine is present than in 2a or 2b. In case of compound 1, the higher flexibility of the molecule allows the phenyl rings to rotate to form more C-H··· interactions.
. 
